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GUI DANCE FOR PREPARATI ON, HANDLI NG, AND VALI DATI ON OF
PERFORVANCE EVALUATI ON SAMPLES

G1l. Introduction. PE sanples are an integral part of a
conprehensi ve | aboratory validation program and are used to
eval uate the performance of the entire |aboratory system for a
specific paraneter and matri Xx. This includes sanple tracking,
preparation, analysis, nethod selection (i.e., selection of
particular options within specified standard operating
procedures), record keeping, and data reduction and reporting.
The USACE' s HTRW Quality Assurance (QA) Program routinely enploys
PE sanples to validate the performance of a contract |aboratory
and to evaluate the quality of data produced by a validated

| aboratory. The USACE has devel oped a nunber of PE sanples in

water, soil, and sedinment matrices for various environnental
anal yses. QG her new PE sanples in the above matrices and air
matrix are under developnent to fulfill the USACE s environnenta

m Ssi on needs.

a. PE sanples used for performance evaluation could be
either single blind or double blind. A single blind PE sanple is
known to be an audit sanple, but its conposition is not known to
the analyst. A double blind PE sanple is intended to be
I ndi stinguishable from a routine field sanple such that a
| aboratory will not devote nore attention to produce non-routine
anal ytical performance. Use of double blind PE sanples is
perhaps the nost ideal approach to the assessnment of |aboratory
per f or mance. However, stability considerations for aqueous
sanpl es and honogeneity concerns for soil sanples present
substantive obstacles to the effective use of double blind PE
sanpl es. G ven these concerns, use of single blind PE sanples is
currently the nost effective and econom cal mechanism for
nonitoring |aboratory perfornmance.

b. The preparation process for PE sanples should be
carefully planned to ensure the precision, accuracy, and
reproduci bility of each batch of PE sanples. Det ai | ed
preparation procedures should be docunented and maintained
I n-house per proper USEPA and USACE gui dance for |ega
defensibility. Al chemcals, reagents, and solvents used should
be pre-analyzed to ensure that they nmeet high purity
requi renents. Each gravinetric and volunetric neasurenent
devices such as titrant, balance, and calibrant should be
certified against the National Institute of Standards and
Technol ogy (N ST) standards whenever avail abl e. Only ASTM cl ass
A volunetric glassware should be used for PE sanple preparation
Each batch of resulting PE sanples should be checked to confirm
concentrati ons. Al PE sanples should be refrigerated and stored
in the dark to ensure maxi num storage |ife.
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c. ldeally, all PE sanples should have the follow ng
characteristics:

- Physical simlarity to field sanples.
- Analyte and interference content simlar to field sanples.

- Analyte concentrations near the levels expected in field
sanples, or, in absence of this information, concentrations that
span the range of the anal ytical nethod.

- Behavior simlar to actual field sanples throughout
| aboratory handling and nethod mani pul ati ons.

- Ability to provide useful information on |aboratory
performance as well as docunentation of associated data quality.

d.  During the design and devel opnment of PE sanples, the
USACE nust ensure that the follow ng goals are considered and
net.

- Suitability of the materials to mmc real world
environnmental sanples for performance evaluation of sanple
processing and anal ysis.

- Honogeneity of the materials in terns of the target
analyte profile.

- Stability of the materials in ternms of the target analyte
profile over an extended tine no less than specified holding
tine

- Long-term availability of a sufficient and reliable supply
of PE sanpl es.

- Legal defensibility of the data associated with PE
sanpl es.

- Mnimzation of the cost and tine required to produce
these materi al s.

G 2. Determinig PE Sanple Requirenments and Specifications. As
af orenentioned, ideal PE sanples should be site-specific. The
constituents (analytes and nmatrices), concentrations, and

associ ated acceptance limts for PE sanples should be selected
based on certain key aspects of the specific project: project
goal s and objectives, data quality objectives (DQ3s), and

anal ytical methods to be enployed. However, due to the great
nunber and broad variety types of environnental projects and
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prograns that the USACE is involved in, site-specific PE sanples
are not cost effective and may not be available in a tinely

manner . Furthernore, the USACE PE sanples are mainly used for
val idation of contract |aboratories prior to field sanple
anal ysi s. The continuous nonitoring of contract |aboratory's

performance during the tinme period of active field sanple
analysis is mainly achieved through analysis of split field QA
sanpl es by governnent QA |aboratories, with supplenental PE
sanples if needed. Therefore, the USACE PE sanples are basically
desi gned and prepared on a non-site-specific basis.

a. Matrix. Ideally, the matrix for the PE sanples should be
relevant to the problem at hand and nust be accurately
characteri zed. The matrix can generally be categorized into
water, soil, sedinent, sludge, ash, oil, waste, etc. However ,
significant matrix differences can be found, for exanple, between
two soil or even two water sanples. The design of PE sanples
shoul d include consideration of the origin, mneralogy, and
pretreatnment of the field sanples. Because total site-specific
PE sanples are not cost effective and/or available in a tinely
manner, the USACE nornmally uses reagent water and real world soi
and sedinment as matrix materials for preparation of PE sanples.
By special requests, the USACE can also prepare PE sanples with
site-specific sanple matrices, such as spiked field sanples or
spi ked well-defined field matrices.

b. Met hods. The anal ytical nmethod or instrunentation to be
used for analysis nust be considered when selecting or preparing
PE sanpl es. PE sanples prepared for a highly sensitive
instrunent, such as graphite furnace atom c absorption (GFAA)
spectrophotoneter, may not be appropriate for a |less sensitive
instrument, such as flanme atom c absorption (FLAA)
spectrophotonmeter or inductively coupled plasma (I1CP) atomc
em ssi on spectroneter. Because nost USACE environnental projects
request USEPA SW 846 nethods for sanple analysis, the majority of
USACE PE sanples are designed and prepared for evaluation of a
| aboratory's capability in SW846 nethods. PE sanples for the
USEPA CLP or drinking water nethods are al so avail abl e.

c. Quality Assurance/ Quality Control. The | aboratory
val i dation process is usually focused on certain specific
problenms with a laboratory’s quality assurance/quality contro

vV Q). Wth proper use of different types of PE sanples,
specific QA QC problens can be detected and corrected. For
exanpl e, analytical precision could be verified by duplicate PE
sanples that are extrenely honogeneous (such as water) and
contains many anal ytes at m drange concentrations. Matri x spike
recovery problens can be verified by sending a spiked field
sanpl e and a spiked extract or digest of the sane field sanple.
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Differences in recoveries between pre- and post-extraction/
di gestion spikes wll denonstrate whether the |aboratory’s
extraction/digestion process is at fault. Precision data based

on PE sanples of clean matrices and on PE sanples of real world
matrices provide information about the true |aboratory precision
agai nst the precision difficulty associated with the nethod on
conpl ex matri ces.

d. Anal ytes. A PE sanple nmust contain target analytes, but
it also should contain conponents that cause known interferences
when the target analytes are neasured. This approach will
uncover whether or not the laboratory is performng interference
correction and the extent to which the correction is effective.
Sonmetines the difficulties encountered by a laboratory in the
anal ysis of PE sanples may be due to limtations of a nethod or
an instrunent. When considering candi date PE sanples, one should
obtain as nuch information as possible about the anal ytes of
interest, all possible interfering species, and the limtations
of the nmethod or instrunent.

(1) It is comon to include problematic and non-problematic
analytes and to evaluate a |aboratory’s perfornmance proficiency
on an anal yte-by-anal ayte basis. PE sanples that contain
probl emati ¢ anal ytes that are unstable, reactive, or interfering
under optional preparation/analysis conditions can be used to
check whether a |aboratory takes proper precautions and
corrective actions. Exanpl es of these include: breakdown of DDT
and endrin in a dirty gas chromatography (GC) injection port; |oss
of dichl orobenzene (the nost volatile of the semvolatile
conpounds) by a poor nitrogen bl owdown technique; |oss of
phenol s caused by inconplete acidification of the sanple, a less
than required extraction tine, excess drying out of the extract,
etc.

(2) False-positive problens can be identified by |ooking for
detection of analytes that are purposely left absent.
Fal se-negative problens can be identified by adding |ow |eve
anal ytes and watching for non-detects. O, the PE sanples my
contain isonmers of analytes that elute close together and share a
comon GO/ MS ion (for exanple, 2,4,5 & 2,4,6-trichlorophenol,
4-ni trophenol & dibenzofuran, benzo(a)anthracene & chrysene
benzo(b) & benzo(k) fluoranthene, anthracene & phenanthrene), high
level of transition netals (especially iron) that exhibit

potentially interfering spectral |ines, or excess phthalate
esters or elenmental sulfur that interferes with pesticide or PCB
anal ysi s. These conditions are designed to mmc problens that

woul d occur in analyzing routine field sanples.
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(3) PE sanples should be designed to evaluate the entire
anal ytical process. Specific nodifications of the conposition of
PE sanpl es provide additional checks of specific procedures. For

exanpl e, semvolatile PE sanples should contain acid, base, and
neutral extractable over the full retention tinme range.
However, the addition of isoneric pairs to organic PE sanples

will check GC resolution; the addition of phthalates to pesticide
PE sanples will test extract cleanup nethods; the addition of oil
to soil PE samples will verify whether gel perneation

chr omat ographic cleanup was perfornmed as contract required; and
the use of potassium ferricyanide, instead of potassium cyanide,
to prepare aqueous cyanide PE sanples wll check whether
distillation was conducted. Various other analytes nmay be added
to gauge instrunment performance, such as addition of

chl oronethane to volatile PE sanples to check for correct purge
flow, addition of di-n-octyl phthalate to semvolatile PE sanples
to determne if the GOM transfer line tenperature was set too
| ow, use of specific xylene isoners to indicate if proper
standards and response factors were used to set up instrunent
Criteria, etc.

(4) Certain groups of conpounds should not be conbined since
they will react together. For exanple, semvolatile acids
(phenol s) should not be conbined wth bases (anilines), because
t hese conpounds will react with each other causing subsequent
| oss of anal ytes. Silver and low to nmedium |levels of chloride
are inconpatible and should not be m xed. Certai n conpounds nmay
not even be conpatible with sone instrunents and should not be
used. For exanple, it is difficult to use GFAA to analyze a PE
sanple with a high concentration of chloride because of analyte
signal suppression.

G 3. Preparation of PE Sanples. PE sanpl es can be prepared
either by spiking known anounts of analytes into a well defined
honogeneous matrix or by defining well honogenized real world
sanpl es. The USACE PE sanples can generally be categorized into
two groups based on preparation nethods: fortified PE sanples and
"real world” PE sanpl es. The fortified PE sanples are prepared
by spiking high purity reagent water or control solid materials
with solvated target analytes of high purity. Fortified PE
sanples cost less to prepare and allow qualitative and
guantitative variations in the conpositions of final PE sanples.
Real world PE sanples are usually soil or sedinment collected from
contam nated sites, which are dried, ground, mxed, and analyzed
prior to use. Real world PE sanples are used for validation of

| aboratory performance in soil analysis for two reasons: (a) it
is very difficult to prepare an absolutely honobgeneous sanple
that can then be subsanpled for PE sanples and (b) a spiked
sanple can never truly represent the weathering and conplexities
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of a naturally contam nated matri x. Because the constituents are
integrated into the matrices as naturally as possible, the rea
worl d PE sanples present special analytical challenges of matrix
i nterferences. The USACE 1s continually seeking suitable rea
worl d sanples that represent typical environnmental sanples and
contain a broad spectrum of target analytes at adequate
concentrations.

a. GCeneral Preparation Procedure. Regardl ess of the type of
PE sanples, the general USACE procedure for preparing PE sanples
is outlined bel ow

(1) Determne matrix type, analytical nethod, and
i nstrumnent ati on.

(2) Calculate the amount of PE sanpl es needed by volune or
wei ght .

(3) Select analytes, interferences, solvents, and
preservati ves.

(4) Decide on the concentration of each conponent.

(5) Select stock materials and cal cul ate appropriate anounts
to add.

(6) Wite step-by-step instructions (i.e., standard
operating procedures).

(7) Perform an error analysis and determ ne performance
requi renents.

(8) @ontain materials.
(9) Prepare the PE sanple.

(10) Verify the concentration of each conponent in the PE
sanpl es.

(11) Verify PE sanples by nulti-laboratory referee anal yses

(12) Establish the performance acceptance limts of PE
sanpl es.

Wen real world materials are used for preparation of
fortified or non-fortified PE sanples, additional intra- and
interl aboratory analyses are needed to verify the conpositions of
the real world materials. Any indigenous |evels of analytes and
interferents that are present in the real world materials mnmust be
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accurately determ ned. Depending on the levels and types of
anal ytes and interferents, the real world materials may be used
for preparation of fortified or non-fortified PE sanples.

b. Starting Miterials and Stock Solutions. Starting
materials and stock solutions nust fulfill several criteria in
order to be suitable for preparation of PE sanples. Al critica
information about starting materials and stock solutions should
be recorded in |ogbooks such that the PE sanples are traceable to
NI ST or other reliable reference nmaterials.

(1) Purity is the first requirenent, especially if the fina
sanple’s true values are going to be based on the material added
to the sanple. Only chem cal sources of known high quality wll
be used for PE sanple preparation. The purity of all reagents,
acids, and solvents should be checked prior to use. Purity is
not as nmuch of a factor if the PE sanple is going to be
characterized wth consensus values from reputable |aboratories.

(a) For inorganic PE sanples, contam nant |evels should be
in the low ppmrange if the PE sanple is to contain only one
anal yte. H gher purity (low ppb range) starting materials should
be used if nultianalyte PE sanples are prepared (to avoid
contamnation) or if sensitive instrunmentation is used. The
anount of target analytes in the starting material should be
certified to within £0.5 percent for nost cases. Material s that
are sold without certified purity information should not be used.
I ndividual netal solutions are either purchased from NIST or from
vendors whose materials are traceable to N ST.

(b) For organic PE sanples, only the highest purity solvent

shoul d be used. Purge-and-trap grade nethanol is necessary for
preparation of volatile spiking solution because |ower grades
frequently contain toluene and xylene as inpurities. St andar ds

for use in preparing organic PE sanples may be purchased neat, as
singl e conponent solutions, or as nultiple standard m xes from
reliable vendors.

(2) Stability and chemcal conpatibility are other inportant
criteria for starting materials and stock solutions. Specific
reagents for each analyte are selected on the basis of
availability and chem cal characteristics, such as stability and
reactivity. An expiration date nust be specified for all
prepared materials.

(3) For solid PE sanples, unless the entire sanple is to be
anal yzed, honogeneity is one of the nost inportant factors to be
consi der ed. Natural solid matrices, such as soil or sedinent,
shoul d al ways be dried, ground, sieved, and m xed thoroughly
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prior to spiKking. For solid PE sanples, the snallest sanple
aliquot that will provide reproducible analysis results could be

estimated with Pierre Gy s sanpling theory and confirned by
replicate anal yses. (See F. F. Pitard, Pierre G’ s Sanpling
Theory and Sanpling Practice, 2 volunes, 1989, CRC press, Inc.
Boca Raton, Florida.) For liquid PE sanples, honbgeneity is

i nherent unl ess adhesion of analytes to the container wall or
mul ti pl e phases are present. Normal |y, nultiple phase PE sanples
shoul d be avoi ded because sanpling errors may overwhelm all other
errors, thus limting a study's useful ness.

(4) Starting materials and stock solutions should al so be
obtai ned at appropriate concentration levels to mnimze the
amounts required and remain in the realm of accurate |aboratory
war e mneasurenents. For exanple, weights of solid materials
should be between 0.1 and 500g and volunes of |iquids should be
between 50 pL and 500 nL. Avoid dilutions that would require odd
sizes of volunetric ware. If several levels for a given analyte
are available, the nore concentrated solution should be chosen to
mnimze potential contam nation from stock material s.

(5 Wien comercially available reference materials are
utilized, only certified reference materials (CRVM5) should be
used for PE sanple preparation. The term “certified” means that
docunentation supports the reference material. Using a CRM may
assure the capability of the neasurenent system to determne the
analyte in the sanple. NIST is the nost wdely used supplier of
CRMs. However, wusing N ST values for solid nmaterials can lead to
conparison errors on data obtained using USEPA inorganic and

organi ¢ extraction nethods. NI ST expresses CRM values as “total”
concentrations but many USEPA nethods use val ues based upon
“extractabl e” concentrations. Because of this, certified N ST

values for solid CRMs usually cannot be used. Using N ST val ues
do not pose a problem in performance evaluation of |aboratories
for water analysis, where “total” extractables approximte true
val ues. The acceptance criteria of the USACE PE sanples should
be established based on extractable concentrations.

(6) Each lot of standards used for preparation or
verification of PE sanples should be analyzed by the PE sanple
suppliers to verify its concentration prior to use. Reanal ysi s
of the standards is required periodically to verify stability,
according to a schedule optimzed for each standard. The
probable error of each step in the preparation of PE sanples
shoul d be evaluated and used to assess the overall probable error
and inplications on confidence levels. Details analysis and
val i dation procedures should be docunented and maintained
i n-house per appropriate USEPA and USACE gui dance for |ega
defensibility.
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(7) Al PE sanple suppliers nmust actively participate in
State and/or Federal proficiency testing prograns and provide the
USACE Laboratory Validation Conmttee wth their nost recent
results for review on a quarterly basis.

(8) Safety nmust al so be considered. Material Safety Data
Sheets (MSDS) should be obtained with each material and should be
read and followed carefully. As good |aboratory practice, handle
and weigh out all toxic materials in a well ventilated funme hood.

c. Calculations. The cal cul ations involved in preparing
fortified PE sanples are relatively sinple. It is best to start
with the final volunme or weight of PE sanples to be prepared and
wor k backward to determ ne the anounts of individual analyte
st ocks needed. Care should be taken in calculations with reagent
purity values, gravinetric factors, dilution and concentration
factors, significant figures, and unit manipul ations. The nost
common types of concentration units are weight/weight for solid
PE sanples and weight/volune for liquid PE sanples. Reagent
bottles should be |abeled with specific units, such as pg/nL or

g/ kg. Ambi guous units such as ppb or ppm should not be used
ecause these units do not differentiate between weight/weight or

wei ght/ vol une. Dependi ng on when they are noticed, calculation
errors can have serious ramfications when PE sanples are
i nvol ved. Therefore, it is best to double check all calculations

| eading up to the final concentrations of PE sanples before the
sanpl es are prepared. Good | aboratory practice should include a
second person’s review of the calculation

d. Standard Operating Procedures. In order to prepare
reliable PE sanples, adherence to prescribed preparation
procedures is inperative. In any operation that is perforned on
a repetitive basis, reproducibility is best acconplished through
the use of standard operating procedures (SOPs). This is
especially true for preparing PE sanples that will be used to
determ ne |aboratory performance. An SOP is defined as a
witten, narrative, and stepw se description of |aboratory
operating procedures including exanples of |aboratory
docunent ati on. An SOP should accurately describe the actua
procedures used in the laboratory to ensure that reproducible
results can be achieved by follow ng the SOP. The SOP for PE
sanpl e preparation should be prepared as part of the planning
process and should be at or near conpletion before PE sanple
preparation work begins. The SOP should be reviewed before
preparing actual PE sanpl es. Anmbi guous statenents or term nol ogy
like “air dried at anbient tenperature” or “1:10 dilution” should
not be used when “18 to 22°C or “ten-fold dilution” is neant.

The “1:10” may be confused with one part concentrate diluted with
ten parts of diluent, which is really an 11-fold dilution. As a
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PE sanple is prepared, changes and observations are docunented so
that significant information will be available if needed |ater

e. Fortified PE sanples. Fortified PE sanples are usually
prepared with spiking techniques. Either large volunmes or small
units of fortified PE sanples of any matrix can be prepared by
spi king anal ytes of choice at selected concentrations. Normally,
it is preferable to spike a large volune and create individua
units fromit, unless there is a major concern of analyte loss to
contai ner wall. PE sanpl es should be prepared by designated,
experi enced senior chemsts to inprove batch-to-batch
reproducibility and reliability.

(1) Fortified agqueous PE sanples. Aqueous PE sanples should
be prepared on the day of shipnment, usually early in the week to
all ow adequate preparation tinme for the contract |aboratory to
perform di gestions, extractions, cleanups, etc. before the
weekend.

(a) Reagent water which is free of contamnants at the
met hod detection limts is normally used for PE sanples
preparation. Reagent water can be prepared by passing tap water
through a reverse osnosis water system and then through an
ultraviolet and activated carbon cartridge or equivalent system
to produce analyte-free reagent water. The quality of reagent
wat er should be nonitored and docunented on a routine basis.

(b) ASTM class A pipets and calibrated mcrosyringes should
be used for delivering and spiking during PE sanple preparation
Variabl e pipetters can be used if they are verified to be in
cal i bration; however, glass pipets are preferred. Sanpl e
containers (high density polyethylene for inorganic and anber
glass for organics) are purchased as “certified pre—cleaned”
accordi ng to USEPA standards.

(c) Gavinetric measurenments can be used on less volatile
l'i quids, such as water. If weights are used for calcul ations,
density of the liquid also nust be determ ned so that
wei ght-to-volune units can be calculated. Volatile |iquids have
to be prepared by volune, using mniml headspace and m ni nmal
exposure to the atnosphere. Di luents should already contain any
required preservatives so that final volunmes are not altered by
preservation.

(d) Full-volume PE sanples of one liter are normally used
for aqueous organic PE sanples except volatiles which are 40 nL.
A trip blank should always acconpany volatile sanples for each
different analytical nethod. Volumes for the inorganic analyses
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vary from 200 to 1,000 nmL, depending on the target analytes and
anal yti cal nethods.

(e) Miultiple sets of spiking solutions are maintained wth
varying constituents and concentrations to avoid sending the sane
PE sanples to the sane | aboratory twice or to affiliated
| aboratories of the sane parent organization.

(f) Organic spiking solutions (except volatiles) are
prepared by dilution of reference stocks. Records and
certificates of all stock solutions and dilutions are naintained
in standard | ogbooks. Aqueous PE sanples for organics (except
vol atiles) are spiked individually into the sanple bottles since
the entire sanple is used for analysis.

. (g) Volatile spikes are purchased as m xed sol utions
designed for |aboratory evaluations and certificates are

mai ntained in |aboratory files. Aqueous volatile PE sanples are
prepared in a volunetric flask with sufficient volune to prepare
the day's shipnent and then transferred to 40-nL VOA vials for
subm ssion to contract |aboratories.

(h) Aqueous PE sanples for inorganic are prepared in
volunetric flasks and aliquots are then transferred to individual

sanpl e bottles for shipnent.

(i) Al PE sanples should be properly preserved per nethod
requi renents. PE sanples with critical holding tines should be
shi pped imediately after preparation to allow adequate tinme for
the contract |aboratory to prepare and analyze the PE sanples.

Only one aliquot of each aqueous PE sanple will be sent
to each contract |aboratory. Because the aqueous PE sanple is
prepared with reagent water, the |aboratory will be instructed to

perform met hod-specific QC analyses with its own reagent water.

(2) Fortified solid PE sanples. Various types of soil
sanples are collected and prepared to serve as a solid matri Xx.
The soil could be clayey, silty, or sandy with different
al kalinity, organic, and netal contents. However, care nust be
taken to avoid using soils that are very reactive to acids or

ot her reagents used for sanple preparation. Except for volatile
organics, solid PE sanples can be prepared by solid or liquid
addi ti on. Due to the high volatility of volatile organics, soil

PE sanples for volatile organics can be prepared by a vapor
fortification technique. (See A D. Hewitt, P. H Myares, D C
Leggett, and T. F. Jenkins, Conparison of Analytical Methods for
Determ nation of Volatile Organic Conpounds in Soils, Environ.
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Sci. Technol., 1992, 26. 1932.) The USACE is looking into this
t echni que.

(a) After renoval of extraneous materials such as rocks
sticks, etc., the soil will be air dried, ground, and mixed wth
mlls or grinders. Mxing mlls or grinders capable of grinding
and mxing |arge volunes of soil (up to 1 gallon) per batch are
preferred. Separate batches can be conbi ned, sieved to pass 150
mesh (<100 pm, and blended in a larger container. A 1 g sanple
al i quot should have a relative sanpling error of about two
percent at this particle size if the total batch is 100 g. The
grinding and mxing tinmes are established by short interval runs
and examning the particle size and physical consistency of the
soil. The honogeni zed soils should be stored in a cool, dark,
and dry pl ace. If needed, the potential influence of |aboratory
relative humdity can be renpbved by conditioning an air dried,
si eved, and thoroughly mxed soil wth casq desi ccati on.

(b) The concentrations of any target analytes and
interferents in the honogeni zed soil should be thoroughly and
accurately determ ned. It is preferred that the concentrations
of natural contamnants in the soil are below nethod detection
l[imts or relatively |low conpared wth the concentrations of
spi ked anal yt es.

(c) The spiking can be done by solid addition. The two
solids that are to be mxed should be reduced to approximately
the sane small particle size (at |east <150 nesh) before m xing.
This reduction leads to easier blending and conponents wll be
| ess prone to segregate during storage and transit. Relative
anounts of each conponent should not be extrene because it is
very difficult to evenly distribute small anobunts of one materia
wi thin |large anounts of another. If extrenes in relative anounts
cannot be avoided, the blending can be done in stages. That is
a small quantity of the main conponent can be spi ked and bl ended,
then m xed and blended with the rest of the main conponent.

(d) The spiking can also be done by liquid addition.
Anal yte solutions (except volatiles) are sprayed over the
honogeni zed soil in small increments. After vaporization of the
solvent, mx the soil thoroughly and spray again. The above
process is repeated until all analyte solutions are used up.
Rinse the spray bottles with nore solvent and spray over the soi
again to ensure all target analytes are quantitatively
transferred to the honogeni zed soil. \Wen |liquid spikes are used
to nodify solid matrix, the solvent nust be renoved by drying.
Since local deposits of analyte can be left after drying,
thorough mxing after drying is crucial. Mxing can be inproved
by using enough solvent to forma runny paste or nud. The paste
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is occasionally stirred while drying and, when conpletely dry,
nmust be re-ground and bl ended.

(e) Prior to packing the honbgenized bulk PE sanples into
small units for use, the honbgeneity of the PE sanples should be
reassessed to determ ne the mninum subsanple size for each
target analyte. A general approach is first selecting aliquots
from the honogeni zed bul k PE sanples and neasuring the
concentrations of target analytes. A two-way analysis of
variance is then carried out by conparing results from aliquots
within subsanmples with those between subsanpl es. | f the means do
not differ significantly at 95 percent confident |evel, the bulk
PE sanples is considered honpbgeneous. Honogeneity could further
be assessed by analyzing aliquots from certain percentage of the
i ndi vidual subsanples at a variability of, say, five percent
relative standard devi ation. Not all target analytes need to be
tested, and a single nmeasurenent technique may be used, However ,
the selected anal ytes and techni que should include be
representative and concl usive.

f. Real world PE sanples. Real world soil and sedinent PE
sanples are collected from locations that have significant |evels
of numerous contam nants of concern. Nurerous | ow | evel s of

anal ytes that nmay cause problens in assessing |aboratory
performance should be avoi ded. Large volunes of materials are
coll ected and shipped to USACE PE sanple suppliers for

pr ocessi ng. The nmaterials are mxed thoroughly and extraneous
materials are renoved. Approximately five to ten gallons of
materials are air dried to three to four percent noisture. The
materials are then ground in a large volunme grinder to pass

t hrough a 0.5-mm si eve. Materials are mxed and passed through
the grinder a second tinme to desired particle size (i.e., 45-75
pum and stored at 4°C in the dark.

(1) Extraneous materials such as rocks, sticks, etc. should
first be renoved fromthe solid materials. The materials are
then air dried, ground, and mxed with mlls or grinders. M xi ng
mlls or grinders capable of grinding and m xing |arge vol unes of
soil (up to one gallon) per batch are preferred. Separ at e
bat ches can be conbi ned, sieved to pass 150 nmesh (<100 um, and
blended in a larger container. A |-g sanple aliquot should have
a relative sanpling error of about two percent at this particle
size if the total batch is 100 g. The grinding and mxing tines
are established by short interval runs and examining the particle
si ze and physical consistency of the soil. The honogeni zed soils
should be stored in a cool, dark, and dry place.

(2) The content of natural PE sanples can be altered by
spiking to fulfill special needs. The sane spiking technique as
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previ ously descri bed can be used. After spiking and drying, an
additional blending step is necessary.

(3) Most real world PE sanples used by the USACE are very
st abl e. The stability of PE sanples should be studied and
nmoni tored by anal yzing random PE sanples of each production batch
according to a proper kinetics-based schedul e. Sonme real world
solid PE sanples have been used as long as five years with no
significant changes in concentrations in nmetals and semvol atile
or gani cs.

(4) Miltiple sets of real world PE sanples with different
constituents and/or concentrations should be avail able and ready
for use to avoid sending the sanme PE sanples to the sane
| aboratory twice or to affiliated |aboratories belonging to the
same parent organization

G4 . Handling. Al PE sanples should be handled and stored with
extreme care to ensure the sanple stability, integrity, purity,
and authenticity.

a. Generally, containers are selected for their inertness to
their contents and their ability to prevent sanple |oss. Sanpl es
for organic analyses are stored in anber glass to avoid the
pl asticizers and organics found in plastic containers. Amber
glass is recommended since sonme analytes are ultraviolet (W)

I ight sensitive. Plastic bottles are suggested for netals to
avoid leaching of trace inpurities from glass containers. Bottle
caps should be tightly closed to avoid |eakage during shipnent.

b. A PE sanple nmust maintain its stability. I f val ues
change significantly before the sanple can be anal yzed, the PE
sanple is worthl ess. Short holding tinmes are common practice for

unst abl e species such as nercury, cyanide, and volatile organics.
In addition to observance of holding tines, preservatives and
refrigeration are used to retard sanple degradation. In

addition, PE sanples for cyanides and organic analysis should be
kept in the dark to avoid degradation by WV |ight. PE sanpl es
must be preserved according to the required analysis. For
exanmpl e, aqueous PE sanples for volatile organics should only be
acid preserved depending on the analytical nethod to be used.
Normally, all PE sanples should be preserved and stored at 4°C in
the dark to retard degradati on processes. Anal ytes requiring
different preservatives cannot be grouped together in the sane
sanpl e cont ai ner. Bottles for volatile organic sanples should be
conpletely filled to retard |loss of volatiles.

c. Al PE sanples should be appropriately preserved, packed,
and shi pped by overnight express delivery service to conmercia
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| aboratories according to USEPA, USACE, and DOT regul ations and
gui del i nes. Chai n-of-custody form should be used for all PE
sanpl es.

d. PE sanples are usually provided as single blind, although
double blind are occasionally provided. \Wen double blind PE
sanpl es are shipped, special precautions on |abeling and packing
shoul d be taken to nake the PE sanples indistinguishable from
regular field sanples. The packaging and container mnust be
identical with that used by field personnel sending the sane
sanple type to the contract |aboratory. Special arrangenents,
such as arranging for a “consulting firnf to contract with the
| aboratory to be evaluated or using the sane bottles, |abels,
chai n-of -custody fornms, sanple coolers, shipping |ocation, etc.
as used in the field, will be made to simulate actua
envi ronnment al sanpl es.

G5. Validation. Because PE sanples may be used to disqualify a
| aboratory's performance or to challenge a laboratory's results,
the analyte concentrations in PE sanples nust be validated wth

| egal defensibility prior to use. Al PE sanples should be
nmeticulously tested internally and externally to determne the
true values and statistically establish the acceptance limts
prior to use.

a. Two approaches, the consensus interlaboratory approach
and the multiple techniques/definitive techniques approach, are
usually used for validation of PE sanples. In the multiple
techni ques/definitive techni ques approach, the PE sanples are
tested by independent techniques with different neasurenent
principles and by definitive techni ques whose neasurenent
principles are based on or are directly traceable to physica
nmeasurenments such as weight and radioactive decay to reduce
random or systematic variabilities of chem cal neasurenent
t echni ques. Nearly all of N ST's environnmental standard
reference materials are certified by this approach. However,
there are few definitive techniques and none for organics. The
majority of USACE PE sanples are validated by interlaboratory
consensus in performng a single nethodol ogy where the nean val ue
approximates the true value. Wen there is no definitive
techni que available to check, the nean val ue obtained by
i nterl aboratory consensus could be nothing nore than a
statistical average. Therefore, only reliable |aboratories of
hi gh performance should be used for validation of PE sanples.

b. Fortified PE sanples. Depending on the type of fortified

PE sanples, the true concentrations and acceptance limts of each
target analyte can be determned by three different nethods:
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referee laboratory analysis, error propagation analysis, or
performance data estinmation

(1) Fortified aqueous PE sanples. The true values and
acceptance limts of fortified aqueous sanples can be determ ned
by all three nethods. Normal |y, consensus values by referee
| aboratory anal ysis should be used. If the other two nethods are
used, a triplicate for each batch of PE sanples should be
anal yzed by the USACE PE sanple supplier to check the accuracy
and preci sion.

(a) Referee |aboratory analysis. For analytes wth
critical holding tines, PE sanples should be sent to the contract
| aboratory being tested at the sane tine they are sent to a
m ni num of four referee |aboratories. The uncertainty of the
mean val ue based on referee |aboratory’s results decreases wth
i ncreasi ng nunber of |aboratories. Therefore, it is preferred to
have nore |aboratories (e.g., 12 referee |aboratories) to inprove
the confidence level of the nean val ue. The determ ned
concentration from each independent referee |aboratory should be
within ten percent of prepared concentrations or the causes of
excess high/low recovery should be investigated. Consensus
values within 95 percent confidence level from the referee
| aboratories can then be used for evaluation of the contract
| abor at ori es. Stabl e analytes can be characterized before
shipnment to contract |aboratory.

(b) Error propagation analysis. If a material is not
characterized (i.e., round-robin data not available), acceptance
limts can be cal cul at ed. Sonetimes calculation is the only way

to determne the true values and acceptance limts. The
calculation for the expected or true concentration for each
analyte in fortified aqueous PE sanples is very accurate and
strai ghtforward. The acceptance limts of fortified aqueous PE
sanpl es can be determ ned through an error analysis of the steps
caused by analytical sanple preparation and by sanple analysis.
Error propagation rules are used as guidelines to estimate
determ nate and indetermnate errors that should be experienced
by the laboratory being evaluated. The indetermnate errors are
al ways judgenent calls and should be based on experience. The
Factor-2 criterion (i.e., indetermnate errors = 2 x determnate
errors) can be used as a good approximation for inclusion of

i ndeterm nate errors. The result is a relative error that can be
multiplied by the expected target values for each analyte to get
acceptance limts. If biases are known to exist but cannot be
reliably accounted for, the PE sanple may have to be
characterized by several reputable |aboratories and consensus
val ues used for acceptance w ndows.
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(c) Performance data estination. The performance data for a
nunber of USEPA nethods, based on nultiple l|aboratories testing
results, are published in the nmethods. The acceptance linmits for
each analyte can therefore be estimated by the cal cul ated target
val ues and the precision fornula. The estimated acceptance
l[imts usually are very reliable.

(2) Fortified solid PE sanples. A difficulty with fortified
solid PE sanples is matrix interaction with the anal ytes.
Anal yte accuracy of the spiking solution may be very well known,
but that accuracy is lost after spiking, when the analytes react
wth the solid matrix. For exanple, adsorption of netal ions in
solution by the clay matrix of a soil is a well known phenonenon
Since nost USEPA extractions are designed to renove | eachable
rather than true totals, all the analyte that was introduced by
spiking may or may not be renovable by the sanple preparation
nmet hod. The result is a reduced recovery for affected anal ytes.
Anal ytes |ike antinony, silver, and selenium are especially
suscepti bl e. To conplicate matters further, if indigenous |evels
of analytes are present in the solid matrix, their |eachable
| evel s must be known before total levels or percent recovery can
be cal cul ated accurately. Gven these difficulties, a fortified
solid PE sanple is best characterized by consensus rather than by
cal culation or estimation of analyte levels from individua

conmponents.

C. Real world PE sanpl es. For real world PE sanples, the
true values of target analytes are usually unknown. The nean of
reported values from a round-robin testing is usually considered
a "consensus" value and would be used as the true analytica
value. Confidence intervals for the consensus values of target
anal ytes are based on reported values using standard popul ation
statistics. The initial acceptance limts for PE sanples are
statistically determned by consensus values of the participating
| aboratories which include reputable governnment and contract
| aboratori es. The acceptance limts for each target analyte wll
be established statistically at 95 percent confidence |evel. The
acceptance limts for each target analyte are matrix- and
nmet hod- speci fi c.

(1) Any method of evaluating real world PE sanples may
present problens of accuracy that depend upon the anount of data
used to set acceptance limts. Thus, it would be best to send
split PE sanples to a mninum of four round-robin testing
| aboratori es. Al though a consensus value resulting from a snal
nunber of determ nations nmay have significant uncertainties, the
consensus value from the round-robin testing |aboratories should
be a better estimate of true value than any single neasurenent.
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(2) A round-robin analysis is used to certify analytes of
I nterest. In order to ensure the integrity of PE sanples, one or
two PE sanples should periodically be resubmtted to the referee
| aboratories to evaluate any possible degradation or trends in
the anal yte concentrati ons. This information is also used to
eval uate possible extension of the useful life of real world PE
sanpl es.

d. The pool of PE sanple results produced by all contract
| aboratories should be carefully analyzed on a regular basis.
The nmean val ues and the associated uncertainties of target
anal ytes should al ways be docunented. The program w de
statistical results for PE sanple anal yses by contract
| aboratories should also be used to adjust the acceptance |limts
in order to observe the relative performance of each |aboratory
using a given protocol against its peers. The USACE may adj ust
the acceptance limts on any given PE sanple to conpensate for
unanticipated difficulties with a particular sanple or analysis.

e. Al PE samples nust be analyzed with the sane nethodol ogy
(i.e., USEPA SW846 of the nost recently promnul gated revisions)
by both the contract |aboratories and the referee |aboratories.
Deviations from the standard nmethods will nake the data
nonconpar abl e. The results of all PE sanple anal yses should be
used to develop control charts displaying the true concentration
and ranges of recovery and bias for each target analyte.
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